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In order t o  j u s t i f y  my points of view on these matters ,  I wi l l  discuss ( a )  
the nature of the experiments we attempted o r  Contemplated and the potent ia l  
biohazards associated w i t h  them; ( b )  the grea t  d ive r s i ty  of functional a t t r i b u t e s  
specified by bacter ia l  plasmids; ( c )  some potent ia l  o r ig ins  f o r  plasmid genes 
and replicons i n  nature;  (d )  the pathogenicity of Escherichia -- co l i  and the con- 
t r ibu t ion  of plasmids t o  i t s  increasing virulence;  ( e )  the consequences of the 
ubiquitious conjugal t r ans fe r  of genetic information t o  and from the  sexually 
adept - -  E .  c o l i ;  ( f )  possible areas  of genetic engineering research in the 
fu ture  and some fu r the r  biohazards associated w i t h  this research; ( 9 )  my 
def in i t ions  of the types of experiments t o  be considered for temporary 
cessation and the reasons for my suggested modifications of your or ig ina l  
recommendations; -and ( h )  a general treatment of suggested means f o r  dealing 
with the biohazards associated with t h i s  research i n  the be l ie f  t h a t  these 
biohazards can and should be controlled so t h a t  this important area of invest-  
i g a t i v e  research can continue f o r  the betterment of a l l .  

PJasmid Research on Streptococcus mutans. 

Streptococcus mutans i s  the principal e t io logica l  agent of dental  c a r i e s ,  
and a s  such is  probably one of the most cos t ly  infec t ions  of humans. 
work has demonstrated t h a t  car iogenici ty  o f  S. mutans i s  due t o  the production 
of an i so luble  dextran-1 ike polysaccharide tEat perni t s  adherence to  the t o o t h  
surface,  t h a t  loss  of the a b i l i t y  t o  produce this po!ysaccharide r e s u l t s  i n  
avirulence and t h a t  the production of this polysaccharide material  i s  plasnid 
specified or controlled.  In order t o  determine unequivocally whether the S.  
mutans plasmids d i r e c t l y  specify the synthesis  of one or  more of the glucosyl- 
t ransferases  involved i n  the production of dextran-like polysaccharide from 
sucrose, we recent ly  attempted t o  transform a r e s t r i c t i o n - l e s s  miniccll-prcducing 
s t r a i n  of E .  co l i  w i t h  such plasmid DNA. 
a t  a Type 
could u t i l i z e  sucrose as  an  energy source because of the presence of S. mutans 
plasmid-specified glucosyl t ransferases  d i d  n o t  m e t  with success because such 
plasmid DNA could not r ep l i ca t e  and/or express i t s  genet ic  information in E .  
coli and/or d i d  not contain the s t ruc tu ra l  genes f o r  glucosyl t r ans fe ra se ( s r .  
G X €  logical s tep  t o  e luc ida te  the gene products of the S. mutans plasnid and  
t h u s  determine the mechanisms f o r  v i r u l m x  of this micrybe and the means t o  

7 c u r t a i l  i t ,  would be t o  construct  a hybrid between this plasmid DNA ai7d a plasmid 
14 ‘ t h a t  normally i q h a b i t s  E. co l i  by use of the EcGRI endonuclease ( a  Type 1 expel -- 

hi? -’ - ment by my redefinition-but not l i t e r a l l y  excluded by the de f in i t i on  given in 
-1 your l e t t e r  t o  Science and Nature). While the goals of such research a r e  seem- 

~ ~ ~ ‘ ’ ‘ ~ i n g l y  benef ic ia l ,  the  potential  of endowing - -  E .  c o l i  w i t h  the a b i l i t y  t o  occupy 

Recent 

As m i g h t  be expected, our attempts 
expe r iwn t  t o  i s o l a t e  E .  - -  col i  minicell-producing transformants t h a t  
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In order t o  be complete, I should a l s o  mention some addi t ional  types o f  
genetic engineering experiments t h a t  we considered as  potent ia l  means t o  d i s -  
place v i ru len t  - 3 .  rnutans from i t s  normal ecological niche and thus t o  reduce 
dental ca r i e s .  One l i n e  of a t tack  would be t o  couple a bac ter ia l  gene coding 
f o r  dextranase t o  a plasmid present in a "normal harmless" bac ter ia l  inhabi- 
t a n t  of the oral  cavi ty .  
of ex t r ace l lu l a r  dextranase could then be se lec ted ,  introduced in to  the oral  
cavi ty  and there  a c t  t o  enzymatically destroy the dextran-l ike polysaccharide 
and thus i n h i b i t  and/or prevent colonization o f  the  tooth surfaces  by v i ru l en t  
- S. mutans. A second, more f a r  out  approach would be t o  attempt t o  couple eu- 
karyotic DNA sequences coding for an t i -5 .  mutans immunoglobulins t o  plasmid 
DNA, t o  introduce this hybrid plasmid in to  o u r  l'nornial harmless" inhabi tan t  of 
the oral  cav i ty ,  and then use t h i s  bacterium t o  combat S .  mutans  -- in  s i t u .  
should hasten t o  add t h a t  I am well aware t h a t  the  use 'i;f such "microbiological 
warfare agents' '  would i n i t i a l l y  upset the ecological balance t o  the detriment 
o f  S.  mutans  b u t  t h a t  the  inherent genet ic  i n s t a b i l i t y  of DNA and the imposed 
se lec t ion  pressures would eventually r e s u l t  i n  a new ecological balance t h a t  
could even r e s u l t  i n  abnormally high oral  t i t e r s  o f  var i an t ,  y e t  v i r u l e n t ,  

Nevertheless, the eventual experimental t e s t i n g  of such possibi  1 i t ies  
under very carefu l ly  control led circumstances seems warrented i n  view o f  t he  
lack o f  exis t ing  e f f ec t ive  and theo re t i ca l ly  possible means t o  curb infec t ion  
by this pathogen. 

A s t r a i n  of bacteria Ahat produced copious quan t i t i e s  

I 

' 

. I S. mutans. 

Functional Attr ibutes  I- of Plasmids. 

The information contained i n  this and the following three sec t ions  which 
concern the r o l e  of plasmids i 
- s i s n  i f i ca t i  t a da p t aTT7  
t ional  reasons f o r  my suggested modifications o f y o u r '  de f in i t i ons  and recommenda- 
t ions  as published i n  ~ a t u r e  and Science. 

the bacter ia  t h a t  possess them than the r a t h e r  r e s t r i c t e d  instances of d r u g  
res i s tance  and toxin production a s  used i n  your narrow de f in i t i on  of plasmids 
n o t  t o  be used in Type 1 experiments. 
confer few i f  any phenotypic t r a i t s  other  than the capab i l i t y  o f  a bacterium 
t h a t  possesses .it t o  conjugally donate i t s e l f ,  o ther  non-conjugative plasmids 
and/or chromosomal DNA t o  a s u i t a b l e  r ec ip i en t  bacterium. ( i . e . ,  F o f  E .  c o l i ;  
FP2, F P 5 ,  FP39, p F d i  2nd K of ~ 1 _ _ 1 _  Pseudomonas; P of  _--- Vibrio _--II- cholera;  and SCFi- 07- 
Streptomyces). 
frequently confer mu1 t i p l e  res i s tance  t o  a n t i b i o t i c ,  dt'ld, i n  addi t ion ,  r e s i s t a n c e  
t o  mercury, cadmium, nickel , cobal t ,  zinc and/or a;r:?n.icals and more r a re ly  a r e  
associated with addi t ional  phenotypic t r a i t s  such a s  a b i l i t y  t o  ferment l ac tose  
or ra f f inose  or produce H2S. The l a t t e r  plasmids a r e  undoubtedly the consequence 
of plasmid-plasmid recombination i n  nature.  
ly  occurring plasmid recombinants appear w i t h  increasing frequency each year.  ) 

OKL. ~ 

Bacterial  plasmids confer a f a r  g rea t e r  d ive r s i ty  o f  phenotypic t r a i t s  on 

rnere a r e  ( a )  conjugative plasmids t h a t  

(b)-R plasmids , b o t h  conjugative a n d  non-conjugative, t h a t  

(Reports o f  various types o f  natura l -  
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i n  or can be 
'. I C )  'Plasm 
ocins of man 

- Clostridium as  well as the " t rue" an t ib i  
Plasmids t h e n x n t e r  on-Tosts new 
a r e  uncommon i n  such species and thus c 
an accurate c l i n i c a l  ident i f ica t ion  -[ i .  
Proteus, Klebsiella and Erwinia: the sucrose-ut i l izat ion plasmid of Proteus; 
the H2S-production plasmids of - -  E .  c o l i ;  the  urease-production plasmids of 
Proteus and Streptococcus), i i .  some of which er?able the bacterium t o  e s t a b l i s h  
i n  new ecological niches and/or u t i l i z e  unique energy sources ( i . e . ,  the nitro=! - 
s a l i c y l a t e - u t i l i z a t i o n  plasmids o f  Pseudomonas) and - i i i .  some o f  which jus t  
a1 t e r  physiological functions ( i  . e .  , sporulation i n  Bacil lus,  pigment production 
i n  -I Erwinia and Streptonyces, amino acid excretion i n  r. c o l r ) .  
t h a t  contr ibute  t o  bacter ia l  virulence such as the plasmids t h a t  specify pro- 
duction of enterotoxins i n  E .  c o l i  and Streptococcus, K surface antigens i n  
- -  E. c o l i  t h a t  f a c i l i t a t e  adherence t o  the i n t e s t i n a i  mucosa, endotoxins i n  E. -- c o l i  
t h a t  thwart phagocytosis, f a c t o r s  t h a t  f a c i  1 i t a t e  penetration of the i n t e s t i n a l  
mucosa i n  i. c o l i ;  urease i n  Proteus and E .  c o l i  t h a t  f a c i l i t a t e s  infect ion of 
the u r i m r y  t r a c t ,  and the insoluble dextran-l i  ke polysaccharide of S. mutans 
t h a t  i s  essent ia l  for  colonization and virulence.  
t h a t  vjrtilet-ice i n  dgrobacterium --- tumfaciens t o  cause crown ga l l  tumors i s  plasmid 
specif ied.  
descrjbed i n  - -  E. co l i  and -. Salmonella. 
phage Tenornes such as  F1, G 1  Gl, x d v ,  ANN, +an~-, e t c .  , and q u i t e  possibly some 
o f  the prophages whose s - i t e  of rep l ica t ion  i n  the bacterium i s  unknown and which 
may be responsible f o r  phage conversion endowing bacter ia  w i t h  the a b i l i t y  to  
produce exotoxins as i n  Corynebacterium and -.- Clostridium, somatic antigcn (erido- 
toxin) production in Salmoneild, f ibr inolys in  production i n  Xaphlococcus-, 
erythrogenic toxin production i r i  Streptococcus, --- e t c .  ( h )  Cryptic or s i l e n t  
plasmids which confer on t h e i r  hosts no known phenotypic t r a i t ,  a r e  of a 
g r e a t  d i v e r s i t y  of s i z e s  b u t  which have been detected i n  members of s ixteen 
bacter ia l  genera. 

l j d  of- I. col i j the octane- , caniphor- , mandelate- , napthalene--anr 

(e )  Plasmids 

There i s  a l s o  reason t G  bel ieve 

( f )  Plasmids t h a t  a f f e c t  mutabi l i ty  o r  have suppressor a c t i v i t y  a s  
(9 )  Plasmids t h a t  a r e  phage o r  defec t ive  

In summary, plasmids w i t h  cne 3r more of the above-described p r o p e r t i a  
have been found $Jkl-tr_ trpnsferred t o  members of t h i r t y - t h r e e  d i f f e r e n t  genera 
[ m r o m o b a c t e r  , -I_-._I_ Aerobacter ,- Aeromonas 
- Artbrobacter, BacteGiades, - --- EacLerSum, -__- BaciYlus Eartonel I_ l a ,  ~I Chromobacterium, _-_I 

--."---- Citrobacter ,  Closcriti.iunj, --I__p Eriterobticiler, Erwinia, Eschek-ichia, - -_ tiafnia, --_-. - <,lebs iel  l a ,  
Micrococcus , i k - i s s e i - i a  , ~ I -  Paracolobactruin, -- Proteus, P r o v i  dencia , Pseudmonas, 

~ Rt-Iizobium, Sa;nonel la  , Serra t ia  , - Shigella , Staph1 : L ~ \ P ~ U S ,  Streptococcus S t r t -p -  
tcmyces, ~- Vibrio and  ---I Yersin-ia (formerly E s t e u r e l l i T ! .  - In addi t ion ,  LIZ occur- 
reiice o f  conjugal chromosoine t ransfer  i n  Mycchacteri ----.-L' LITI __l_-ll I4icron:anosgcra --- a n d  
- Nocardia .-- and presuliiptive evidence i n  Caulobactcr m i g h t  sugsest ihe  Frcsence 
of plasmids i n  members of these gewra  as  well:- 

Agrobactr;riurn, ---- Aki$i&sccns, ----I 

-- 
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Pctent ia l  Origins for Plasmid Genes and Rep1 i rons .  - 
A1 t h o u g h  a comprehensive consideration of the or ig in  of plasmid genes and 

replicons would be highly speculat ive and would confront enumerable chicken- 
egg paradoxes, there i s  s u f f i c i e n t  6 6 b  or!-several p o i n t s  t o  provide s p e c i f i c  
mechanisns and/or f a c t s  t h a t  a r e  re levant  t o  the problem of formation o f  re-  
combinant plasmids. A ubiquitous t r a i t  of prokaryotic organism t h a t  harbor 
or  produce poten t ia l ly  le tha l  o r  harmful agents o r  substances i s  t h e i r  imziunity 
t o  the act ion of such agents o r  substances. 
producing Streptomyces. 
species make enzymes t h a t  s p e c i f i c a l l y  inac t iva t e  the respec t ive  a n t i b i o t i c  
produced and t h i s  led t o  the suggestion t h a t  these drug-inact ivat ing enzymes 
m i g h t  be involved i n  the  biosynthesis of a n t i b i o t i c s  so a s  t o  render the 
- Streptonyces s t r a i n s  immune t o  t h e i r  ac t ion .  I t  follows from this t h a t  t h e  
Streptomyces - most 1 i kely a l so  make enzymes t h a t  r e a c t i v a t e  the a n t i b i o t i c  
during i t s  t ranspor t  o u t  of the c e l l .  The s t a r t l i n g  recent  discovery i s  t h a t  
the drug-inactivating enzymes from Streptomyces and those s p e c i f i c  by R plasmid- 
containing gr-a.:-neSative bacter ia  have the  same subs t r a t e  s p e c i f i c i t y ,  mode of 
ac t ion ,  e t c .  and t h i s  h a s  led t o  the suggestion t h a t  the R plasmid genes coding 
f o r  drug-inactivating enzymes or iginated i n  the ant ibiot ic-producing Streptomyces. 
The time in evolutionary his tory and the  mechanism f o r  t h i s  type of presuminecl yere 
flow a r e  as y e t  unknown. Nevertheless, Streptomyces have plasmids t h a t  can- now 
be * .d as  cov l e  t l y  t losed circula- molecules and some of these pl&mids 
s e d e  fa r  t i e  : i oun thes i s  o ~ a ~ o l l o w s  t h a t  qenes 
probably already exist i n  nature t o  specify the synthesis. o f  enzymes t o  i nac t i -  

Strep- CK. 

This i s  a l s o  t r u e  f o r  the a n t i b i o t i c -  
In the l a t t e r  case i t  has been observed t h a t  various 

- 

vate a1 I a n t i b i o t i c s  t h a E r ~ o - b o g i c a l  l y  produced - a t  l e a c t  -- - _ _  ~ ___ - e--_ 

Origins f o r  genes t h a t  permit the r ep l i ca t ion  of plasmids a s  repl icons are 
undoubtedly diverse  i n  view of the la rge  nuinbers of d i f f e r e n t  plasmid incompati- 
b i l i t y  g r o u p s .  I t  has been known f o r  some time t h a t  genet ic  inhomology between 
donor and rec ip ien t  DNA often leads t o  unstable p a r t i a l l y  d ip lo id  recombinants. 
This i s  c e r t a i n l y  t r u e  with regard t o  the recombinants a r i s i n g  from in te rgener ic  
matings in whcih chromosomal Df4A i s  conjriyally t ransfer red  betwsen Escherichia,  
Salmonella, Shige l la ,  -I_ Proteus, and Klebsiella s tmins .  
o f  these p a r t i a l l y  diploid reconibinanxs, i t  has been found t h a t  they possess 
covalent!y closed c i r c u l a r  DNA molecules whose molecu’lar weight is proportions? 
t o  the genetic content of the extrachromosomal fragments. T h u s  i n t e r p n w k  

me t r ans fe r  rovides a means t o  g e n e r a t e  au t .nonousUyep1 i-ca- conj‘u:al chrcrmoso 
~ ~ ~ & s .  I speculate  now .y proposing t h a t  the genes t h a t  p e h i t  th i s  re- 
p l  i c a t T E  a c t i v i t y  c r i n j n a t e  f_r_om- de-F.ec.~-ive-_~rophage genomes present  in the  DNA - 
fraq-,-,ent from the don :_r_,a!mt. The reasonableness o f  t h i s  phage o r i m r  
essent ia l  replicon gent, i s  f u r t h e r  supported by the  f a c t s  t h a t  temperate 
phases such a s  X of E .  c o l i  and pf16 o f  Pseudomoms E_iii;ida can be a l t e r e d  t o  
became the autonomously rep1 ica t ing  xdv and ~susN pldsmids and the conjugative 
pfdm - plasmid, respezt ively.  

Upon c lose  examination 

--9-h -____ 

-- 

-- - -  
- -- 
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Virulence of E. col i  as a Pat.hcgn. - -  

E .  co l i  i s  often t h o u g h t  of as a harmless inhabi tant  o f  the i n t e s t i n a l  
t r a c t s  o f i m a l s .  I would l i k e  ta_t.al<e t h i s  oprortunity to  ind ica te  t h a t  
--IIF_ E. co l i  is-Lgathogen with s t r a i n s  exhibi t ing var ious  degrees o f  virulence.  
Indeed, infect ions with enteropathogznic s t r a i n s  of - -  E. col i  a r e  pro5ably-res- 
ponsible for the vast  majority of diarrheal  diseases and other  e n t e r i c  d i s -  
orders among children and adul ts  in  the U.S.A. Furthermore, - -  E .  co l i  i s  one 
of the three main k i l l e r s  associated w i t h  pa t ien ts  dying of septacemias t h a t  
secondarily a r i s e  because o f  diseases or s t a t e s  such a s  cancer,  inimune def ic iency,  
t ransplantat ion,  surgery, u lcers ,  appendic i t i s ,  p e r i t o n i t i s ,  e t c .  Consequently, 
infections due t o  v i ru len t  s t r a i n s  of E .  co l i  r e s u l t  in s ign i f i can t  economic 
losses in terms o f  diagnosis a n d  treatKent expenses and cos ts  associated with 
morbidity and mortali ty and thus cons t i t u t e  one o f  our  major medical probleriis. 

E .  c o l i ' s  s t a tus  3 s  a medically impor t an t  pathogen i s  only now beginning 
t o  b e r e x e d  and t h i s  i s  dtie in p a r t  t o  the f a c t  t h a t  I- E .  co l i  in fec t ions  
were r a re ly  encountered t e n  t o  twenty years ago except in cases of inFant i ie  
diarrhea.  Amon E .  coi i strains-iLQI-attd twenty years ago -plasmids were 

f i f t m e r c e n t  of-a1 1 L. col i  strajns-_harbo-r piasinids and among E. co l i  
's€rg.in.xbxn.hcLbil;d_r_ pat ients  and personnel, ninety percent of more harbor  

h - e e  per s t r a fn .  Admi t t ed ly  the rilethodology - o f  detect ing plasmids has imrkedly 
been imrYZGd during t h i s  sane interval  of time, b u t  1 consider t h i s  increase 
t o  be very real and  t o  represent a major evoluLionarily siqriificarit c h a y c  
in the genetic poLential o f  -- E.  --- col i  and o f  other  rnici-oorgdnisms as  well .  

the virulence o f  E.  c o l i ,  i t  i s  f eas ib l e  t o  endow an ordinary E .  - col i  -__ ( a )  wi th  
a prophage and a c o l x s m i d  t o  f a c i l i t a t e  displacing normal f h m .  and thus 
contributing t o  colonization; ( b )  w i t h  a plasniid t h a t  spec i f ies  a K surface 
antigen t h a t  f a c i l i t a t e s  adherence t o  the i n t e s t i n a l  mucosa; ( c )  w i t h  a n  E n t  
plasmid t h a t  e l i c i t s  the production of enterotoxins w b s e  mode o f  act ion 
i s  similar  t o ,  b u t  l e s s  severe,  t h a n  t h z t  o f  the cholera enterotoxin;  (d) w i t h  
e i t h e r  a plasmid o r  chromosomal gene specifying a potent endotoxin t o  redLce 
the  hos t ' s  a b i l i t y  t o  phagocytiz? the invadir;g microlie; ( e )  w i t h  e i t h s r  a plasmid 
or a chromosomal gene t h a t  permits penetration o f  the intest i r ia l  milcc)ss s imi l a r  
t o  the penetrating a b i l i t y  of Shigella s t r a i n s ;  ( f )  with a urease-specifying 
plasmid t o  f a c i l i t a t e  urinary t r a c t  Tcfoctions; ( 9 )  with plasmids such is 
those a1 lowing the p r n k t i o n  of HzS, e t c .  which a re  trot norvia1 p i -ope~ t i c?  
o f  - -  E .  co l i  to  make c l i ,  'e.11 diagnosis d i f f i c u l t ;  and ' las t ly  ( h )  with a mult iple  
drug-resistance R pla,:id so t h a t  the infect ion caused by t h i s  mult iple  plasmid- 
contafning - E. -- co l i  i s  untreatabie .  
infect ious agent. Although sgch a microbe could readi ly  be conslrbcted in  thr 
laboratory i t  can a l so  a r i s e  i n  nature. Indeed enteropathogenic I E .  -- c c l i  stt-rains 
w i t h  several cz, Sinztions o f  the above menticnfd a t t r l :  h u t e s  have recently keen 
i s o l a t e d  and characterized. 

--------- ra ther  r a re  - + a n  when found usually v:ere of b u t  one k i n d .  Today t h i r t . . o  

lasmidz* with a meanjumber o f  molecul-arlv p- is t inct  plasmids -_ ___ being a b o u t  -- 

In terms o f  pidsmids and/or genetic information t h a t  could coritribute t o  

Clearly,  t h a t  would be orie hell  o f  a v i r u i w t  
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Scxual-ity of Bacteria and E .  c o l i  in Pa r t i cu la r .  

The subs tan t ia l  increase i n  bac te r ia  w i t h  plasmid-specified information 
i s  undoubtedly a conzequence of environmental changes t h a t  provide se l ec t ion  
pressures ( i . e . ,  the Gse -__ of __ a n t i b i o t i c s  _- as  feed - addi t ives  f o r  c a t t l e ,  fis,h 
and  poul t ry ,  e t c .  J and increased o p p o r t u n i t i e s  for conjugal plasmid and/or 
aromosorne t r ans fe r  ( i . e .  , due in  pa r t  t o  increased l eve l s  of  water po l lu t ion ,  
e t c . ) .  
d e t a i l s  of conjugal genet ic  t r ans fe r  in  - E .  -- c o l i  and I personally consider t h a t  

L r. co l i  Is  c a p a b i l i t i e s  in these a c t i v i t i e s  t o  probably be unequaled by any 
other  l i v ing  organism (even bedbugs). - -  c o l i ,  which normally divides  every E .  

- 20 t o  30 minutes, can sus ta in  the conjugal a c t  f o r  up  t o  two t o  th ree  I__.__ hours ,  
and most 1 i kely do& SO i n  the  absence of vegetative_chyomosome__rez”cation 
- and- \- CeTTZ-visi o n 3 a E n g  $aF€?ZGFaTe randomly se l  e c t e d T i t h o u t  regard t o  
size or  shape and mult iple  matings between a c e l l  o f  one mating type and 
several of the other  a r e  a f requent  occurrence in laboratory experiments a t  
l e a s t .  During c o n j u g a t i o n ,  the donor  genet ic  information i s  simultaneously 
replaced during i t s  t r ans fe r  t o  the r ec ip i en t  such t h a t  a donor  c e l l  i s  imnediata- 
Sy ab le  t o  engage -in d s x o n d  conjugal a c t  following cessat ion of t h t .  f i r s t .  
t r ans fe r  of a conjugative plasmid from a donor t o  a r ec ip i en t  r e s u l t s  in the  
r ec ip i en t  being con\rerx.ed t o  a donor  wch  t h a t  two donor  c e l l s  now e x i s t .  
T h i s  poses a paradoxical situ;-ttion s i n c e  t h i s  would suggest t h a t  a11 E. c o l i  

fo r  a long t i n ?  t h a t  m t i n g s  between c e l l s  h a r b o r i n g  the same plasmid a r e  r a r e  
due t o  entry e:;clusion, w u l d  a c t  as  a b a r r i e r  t o  conjugal gene flow. Such a 

matings i n  bac te r ia  of ten lead t o  prcgeny containing recombinant plasmids and/or 
chromosomes unlike the i n f e r t i l f t y  associated with homosexual couplings in  o ther  
organi srns. FurthernTore , there  a r e  i n  excess of twenty groups of conj ugati ve 
plasmids present in  -~ E .  co l i  and other  gram-negative bac ter ia  a s  defined by 
incompatibi l i ty ,  donor  p i l u s  type and en t ry  ejr[‘clusion phenotypes and c e l l s  
possessing a conjugative plasmid of  one group mate very well with c e l l s  pos- 
sessing a conjugative plasmid from any o ther  g r o u p .  T h u s  - E .  -~ c o l i  and o ther  
gram-negative microbes have solved t h i s  problem of the  ubiquity o f  plasmids 
tiy becoming bisexual i n  t h a t  a given c e l l  can and does a c t  as b o t h  a competent 
donor and f e r t i l e  r ec ip i en t  d u r i n g  the  same conjilgal a c t .  

A g rea t  deal i s  known about the  gene t ic ,  physiological and molecular 

-. 

The 

I 
1 
\ I s t r a i n s  should eventually be converted t o  donors and, s ince  i t  has been known 

, / i tua t ion  only reduces gene flow a b o u t  lOO-fold, however ., s ince  homosexual 

7 
E .  co l i  a l so-occass iona l ly  chooses i t s  mating par tners  without regard t o  

t h e i r  kxot-,c;ic _gccignGZt<oT;is and i s  kmwn t o  donate andlar-Ecsive p ~ i t i  - 
1 Tnformatjon-from meriibers of over twFnty g e m - a .  ~I n e aemon- ’ 

s t r a t e d  occurrpnces of these T E E - o f  intFrqeneriT -qene flow a r e  somewhat r a r e  
’.)c;. +i z x o r  chr  

b u t  the  laboratory nethods cur ren t ly  used far the i r -de tec t ion  arc r a the r  insen- 
s i t ive  i n  t h a t  r e s t r i c t i o n - l e s s  r ec ip i en t s  from a number o f  genera a r e  T&ldom, 
i f  ever ,  used. ) a r e  
n o t  present i n  n a t u v ,  however, where the t o t a l  microbial populations in s o i l ,  
polluted water and i n  and on vai ious eukaryotic organisms a r e  such as t o  make 
events whose pi-obabi’I i t y  c f  occurrence i s  the reciprc,cal of kvagodro s nui;;Ser 

The confines o f  laboratory measurenent (i . e . ,  one i n  10 

- --__c___- - - - -  - --  _l__-”-__l_ ~ - 
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n u t  impossible. 
i n  s o i l ,  the nodules on the roots of leguminous plants  and in the in tes t j t l a l  
t r a c t s  of f i s h ,  poultry,  rodents, c a t t l e  and htir,ians. Plasmid and chromosome 
t ransfer  a l s o  occur w i t h  equal frequency under b o t h  anaerobic and  aerobic 
environments. Thus a grea t  d ive r s i ty  of environments, some o f  which a r e  
"improving" because of grea te r  pollution and/or microbial acquis i t ion  of plasmids 
tha t  expand the ecological niches t h a t  they occupy, a r e  su i t ab le  f o r  conjugal 
gene f l ow .  

Indeed, conjugal gene t r ans fe r  has been demonstrated t o  occur 

/I The process o f  bacter ia l  conjugation niay even have been adapted f o r  o ther  
uses. 
plants possess plasmids whereas av i ru len t  strains do not.  T h u s  plasmids may 

Virulent Agrobacterium tumefaciens t h a t  cause crown gal 1 turriors i n  
G a* \ 

(x.""','-:p. 1 
'p," -'-a 1 

$-'I I '  
3, b ' 

(. d'. ,.. 
1- &pqtk''' !I 
1' 

be responsible for virulence i n  t h i s  microbe. The observation t h a t  tumor 
induction i s  dependent on the presence of i n t a c t ,  v iab le ,  metabolically ac t ive  
A.  tumefaciens c e l l s  and suscept ible  plant  t i s sue  leads me t o  suggest t h a t  
i n fec t iv i ty  leading t o  tumor formation may involve a conjugation-li  ke a c t  

I f  so ,  then the 
f a c t  t h a t  E. col i  and  othcr grm-negat ive bacter ia  can conjugally transmit 
plasinids tS A.  tumerfaciens leads t o  in te res t ing  ramif icat ions.  In this -1 /! 

fb,.c/ P- \\ &L - ---- 
t i l 4  ,da,b?tween the respective prokaryotic and  eukaryotic c e l l s .  

regard, i t  i s  f r i r l y  well established t h a t  phage, plasmid an3 bac ter ia l  - I 
<- chroniosonisl DNA can be taken u p ,  survise  and expressed i n  p l an t s ,  

-- Genetic Engineering Research i n  the Future. 

cessation u n t i l  bichazards a r e  enumerated and methods f o r  their- control estab- 
l ished should even be done? I personally b e l i w e  t h a t  many of the experiments 
should be done. 
engineering research. Additional information on the t ranscr ip t iona l  and 
t rans la t iona l  control of prokaryotic genetic information i n  eukaryotes and 
vice versa i s  of fundamental importance. I f  f i d e l i t y  is  achieved i n  the  
l a t t e r  case,  we could achieve a be t t e r  understanding of genet ic  regulation o f  
eukaryotic DNA a s  i t  r e l a t e s  f o r  example t o  d i f f e r e n t i a t i o n  of  the irninurie 
system and  aberrances associated with cancer arid hereditary genetic defects  
as Me11 as t o  be able  t o  use microbial systems f o r  the production o f  useful 
products such as insu l in ,  growth hormone, e t c . ,  and even usefti ' l  foodstuffs  
such as  v i t amins ,  cas2in (and t h u s  el iminate the need f o r  c o w ) ,  e t c .  Tn- 
advertant re lease of such microbes t h a t  produced immunoglobul i p s  'i blood y w p  
o r  histomcompatibilit\i  antigens,  and a rnultitade of other  prcteiri t j / p f S  co!Jld, 
howwer, i n t e r f e r e  k ' I t '  s x c e s s  of blood transfusions a n d  organ t ransplanta-  
t ions and ir,duce state; of hypersensi t ivi ty .  
produced hormmes m i g h t  have even more proiiourtced de le te r ious  e f f e c t s .  

One could reasonably ask whether the research recommended f o r  temporary 

/ I am thus an advocate f o r  and n o t  a n  opponent of genet ic  

* 
,)uj 

The re lease  of micmbes C h a t  
L 

The use of reconbinant DNA molecules compcsed of  v i rus ,  p l a s n i d  and/or 
chromosomal ger?etic informat ion  to endm p i a n t  species with,  f o ~  exaniple, im- 
proved a b i l i t y  a t  photosynthetic CO? fix3t-icn; capabi l i ty  t o  f i x  nitrclgen, 
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increased q u 3 n t i t y  or improved  quali ty of  p ro te in ,  e t c .  would contr ibute  t o  the 
goals of  the ~ , - e e n  revolution a n d  possibly reduce th.e need fo r  chexical f e r t i -  
l i z e r s  a n d  the associated pol lut ion,  eutrophicat ion,  e t c .  t h a t  t h e i r  use en- 
t a i l s .  The genetic manipulation o f  the narine algae a n d  blue-gre?n bacter ia  
t h a t  a r e  responsible for production of  a b o u t  ninety percent of the e a r t h ' s  
oxygen supply t o  be t t e r  r e s i s t  a n d / o r  u t i l i z e  the increasing leve ls  of pollu- 
t an t s  in the seas a l so  merits consideration. 

Genetic engineering of microorganisms i s  a l so  highly relevant  i n  t h a t  i t  
i s  conceivable t o  c rea te  - -  E .  co l i  der ivat ives  t h a t  u t i l i z e  hydrogen f o r  
the production of energy, t h a t  can carry out photosynthesis, and t h a t  can f i x  
nitrogen. The development o f  microbes t o  produce compounds useful i n  industry,  
agr icu l ture  a n d  medicine a l so  has merit .  
pathogenic s t r a i n s  could be o f  Great inportance. 
cholera a n d  plague are  n o t  problens because of san i ta ry  engineering, public 
health measures and  good personal hygiene. These f ac to r s  nay be i n s u f f i c i e n t ,  
however, t o  preclude epidemics i n  t h e  fu ture .  Current sewage treatment proce- 
dures when used by a c i t y  of ten million population r e s u l t  i n  a level o f  water 
pollution when t rea ted  wsstes a re  discharged in to  the nearest  body of water 
t h a t  are eq9ivalent t o  the discharge o f  the unt rmted  wastes fI@n a c i t y  o f  
100,000 t o  one million p o p u l a t i o n .  
severe and w3.Lcr qual i ty  in declinipg. 
res is tance t o  the drugs of  choice irt t r ea t ing  typhoid  already e x i s t  ii? 
Salmonella 
causi t i ve  organisrii o f  plague. 

Even the creat ion of potent ia l  new 
I n  t h e  United S t a t e s ,  typhoid, 

Thus water pol lut ion i s  becoming more 
I n  addi t ion,  R pjasmids conferring 

a n d  can- readi ly  be transmitted t o  --- Yersinia p e s t i s ,  the  
Clearly the development of s a f e ,  e f f e c t i v e  

vaccines i s  therefore  of prime importince and the 'u se  of hybrid bac ter ia l  
s t r a i n s  f o r  this purpose deserves special a t t en t ion .  

One can a l so  question whether - -  E .  co l i  should be used f o r  these types of 
research. Again I must answer this  in the aff i rmat ive even t h o u g h  I have 
some t repidat ion over t h i s .  
cou i t r i e s  o f  the world fo r  t-erearch on this organism and w i t h u t  d o u b t  we 
@w more a b o u t  E .  co l i  t h a n  any other l iv ing  organism. 
k E l e g e  would bc wasteful 
for  these s tudies  w 5 m e  most d i f f i c u l t  and  potent ia?  ly hazardous. For 
example, the absence o f  a conjugal t r ans fe r  system in the chosen bacterfal  
species might solcrly be due t o  the f a c t  t h a t  i n s u f f i c i e n t  e f f o r t  by s c i e n t i s t s  
t ra ined and  .interested ir, such discoveries had been made. I f  the selected 
microbe was a gran-negative nicroorganisin t h e n  T t h i n k  i t  i s  l i k e l y  t h a t  con- 
jugation w i t h  a rrer-ber o f  any orle o f  the more thar,  twenty sran-negstive genera 
t h a t  a r e  kncwn t o  carry o u t  conjugal gene t r ?ns fe r  could a n d  would occur.  The 
use of a gran-posit ive microorsanisn a l so  o f f e r s  no advantages since conjugal 
gene t ransfer  i s  no:., known t o  C C C U Y  in sore groups and gene t r ans fc r  by trans- 
duction a n d / o r  t r z r s fo r ra t i cn  -in O;!-,E:-S. The use 07 grzm-pdsi t i v e  spore forgers  
seeins extreriely hazardous a n d  1 s e e  no advanta5es  i n  usin9 s o i l  nicrooryanisms 
or potential  p l a n t  pathosetis. I n  a 1  1 instances severe,  even t h o u g h  d i f f e r e n t ,  
biohazards e x i s t  and there w o u l d  be no lessening o f  t h e  need f o r  e f f ec t ive  cleans 

At l e a s t  a b i l l i o n  do l l a - r r -hs  been spent by the 

Furthermore, the s e l e c t i o c  of soliie other  microbe 
To n o t  u t i l i z e  t h i ~  
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t o  cope with these biohazards. T h u s  I believe E .  c o l i  t o  be the most s u i t a b l e  
microorcjanisn f o r  these s tud ie s .  Obviously, however, t h i s  matter requires 
fu r the r  t h o u g h t  arid debate. 

+ 3 - -  

- Suggested tlodifications o f  Original Proposals a s  Published in  Science and 
Iiature. 

As a preface t o  the comments t h a t  follow, l e t  me indica te  t h a t  your de- 
f i n i t i o n s  of Types l and 2 experiments contain several  bothersome omissions; 
t ha t  your recormendations and cautionary commentary a r e  based, for the  most 
pa r t ,  on a concern f o r  human welfare and seem t o  ignore the f a c t  t h a t  p lan ts  
a r e  an important indispensable conponent G f  the e n t i r e  ecosysten; and t h a t  
there  a r e  severe potent ia l  biohazards associated w i t h  many types o f  experi-  
ments t h a t  a r e  n o t  covered by your r e s t r i c t e d  de f in i t i ons  of Types 1 and 2 
experiments or f o r  which only catition i s  reconmended. I t he re fo re  propose 
modifications of your de f in i t i ons  and recornendations t o  take i n t o  account 
these considerations as we11 as  the f a c t s  and arguments presented in  my 
foregoing commentary and in your l e t t e r  t o  Science and Nature. 

flew Recommendations and Defini t ions 

1 have suggested de f in i t i ons  below f o r  fou r  c l a s ses  o f  experinents.  Since 
I f i n d  i t  extremely d i f f i c u l t  t o  draw a sharp l i n e  of demarcation between those 
experiments t h a t  a r e  associated w i t h  s i g n i f i c a n t  potent ia l  (o r  rea l  ) biohazards 
and ,those tha t  a r e  not, I have chosen t o  d r a f t  these de f in i t i ons  so t h a t  they 
a r e  a l l  inclusive and wi l l  therefore  be invar ian t  with t im and unal tered by 
new discoveries .  My reccmxendations per ta ining t o  the temporary cessa t ion  o f  
such experiments, however, a r e  predicated on the r ea l i za t ion  t h a t  there  i s  a 
gradstion of sever i ty  o f  potent ia?  biohazards f o r  experiments of a given type 
and t h a t  a decision on the performance of any given experiment will have t o  be 
made with the pa r t i cu la r s  of t h a t  exper-iriient i n  m i n d .  I t  should therefore  be 
the obl igat ion of each individual s c i e n t i s t ,  i n  consul ta t ion w i t h  col leagues,  
t o  evaluate the existance and sever i ty  of biohazards and t o  then decide whether 
the experiixeiit should  proceed o r  be temporarily deferred u n t i l  means t o  car.- 
tend with the biohazards a re  es tabl ished and iKiplemented. 
t h i s  approach t o  the problem i s  based on a des i r e  t o  see t h a t  imp0rtar.t a r eas  
o f  genet ic  research continue when biohazards a r e  minirnal o r  nonoxistant.  

t4y r a t i o n a l e  for  

Type 1 Experiments: Construction by biechemical or genet ic  techniques o f  a l l ,  
new, autonomously rep1 ica t ing  i iacteriei  pldsnids t n a x  spec i fy  corhinat ions of 
pherwtypic t r a i t s ,  yhether  knaLLn o r unknown,  and the  intrtjduction of such 
reconlEnant plasiviids in to  e i  ther prokaryotic o r  eukaryotic organisms. ' 

Clearly the  fornlt'iorl of a hybrid between the  - S .  --. mutans plasnid and an - E .  
-- col i  plasmid cons t i tu tes  a haz3rdous experiRent i n  view o f  the  poten t ia l  t o  
c rea t e  a new pathogen. Similar ly  the ccnstryct ion of  a hybrid between the  con- 
juga t ive  R plasmids of S. f a e c a l i s  and  !-. -- co l i  niight po ten t i a t e  conjugal trans- 
f e r  between gram-posi t i y e  and gras:-ne9a;ive bacter ia  which w u l d  be a nos t  
unfortunate r e s u l t .  ( A  deterr;iinatic;n G ;  the  re latedness  of these R plasmid 
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types i s  cer ta in ly  i m p o r t a n t  t o  know b u t  should be investigated by DNA-DNA 
hybridization techniques. ) Experiments such ds these should therefore  be 
deferred unt i l  the Leans t o  contend with the respect ive biohazards a r e  
established and implemented. On the other  hand ,  the numerous plasmids i n  
gram-negative bacteria a re  f r e e l y  transmitted between species and genera 
and natural ly  occurring recombinant plasinids a re  ra ther  frequent.  Although 
hybrid plasmids combining new t r a i t s  n o t  now in exis tance should n o t  be 
created,  i t  would seem t h a t  much research in t h i s  area could continue i f  
acceptable microbiological procedures a r e  u t i l i z e d .  

Type 2 Experiments: Construction by biochemical or  genet ic  techniques of a l l  
v i ra l -v i ra l  and  viral-plasmid hybrids regardless of whether the viruses  cote 
from bacter ia ,  plants or animals a n d  whether the plasnids come from prokaryo- 
t i c  or eukaryotic'organisms and the introduction of such recombinant molecules 
in to  e i the r  prokaryotic or eukaryotic organisms. 

Most of the experiments of t h i s  type should be temporarily deferred 
w i t h  the exception tha t  construction of v i r a l -v i r a l  hybrids involving two 
viruses t h a t  had the sanie host range and possessed other  gene t ic ,  morphologi- 
cal and/or serological properties in common ( i . e . ,  A and 480) would be 
reasonably f r e e  from biohazards. 

Type 3 Experiments: Construction by biochemical o r  genet ic  techniques of a l l  
hybrid molecules between chromosomal DNA from e i t h e r  prokaryotic and eukaryo- 
t i c  organisms and v i r a l  and/or plasmid DNA from e i t h e r  prokaryotic o r  eukaryotic 
organisms and the introduction of such hybrid molecules in to  e i t h e r  prokaryo- 
t i c  or eukaryotic organisnis. 

Except f o r  the forination and  use o f  special ized transducing phages, 
attempts t o  discover plant o r  animal transducing v i ruses  by use of c e l l  cul-  
tu re  systems, and the use of specialized transducing phages o r  t h e i r  DNA for 
s tudies  of transformation a n d  gene expression in eukaryotic c e l l s  i n  cu l tu re ,  
other experiments of this type should n o t  be performed a t  present.  

Qye 4 Experiments: Introduction of v i r a l  , plasmid, extrachroniosomal or 
chromosomal genetic information fron; one prokaryotic o r  eukaryotic organism 
in to  another prokaryotic or eukaryotic organism t h a t  e i t h e r  does n o t  now 
contain or i s  not now a normal host f o r  such v i r a l ,  plasmid, extrachromosomal 
or  chromosomal genetic information i f  -it i s  possible t h a t  such introduction 
might r e s u l t  in a neii i tilogenic orGnism or agent or diseased s t a t e  capable 
o f  transmission from L'Y generation t o  the next. 

The def in j t ion  of a Type 4 experiment i s  more narrowly conceived than 
those fo r  the other experiments. 
ment of this type which i s  f r e e  from biohazards. 
iments should be deferred.  

Because of this I cannot t h i n k  of a n  experi- 
Thus these types of exper- 
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Some o f  t h r .  reasons f o r  these a1 1-encofilpassing recommendations (which com- 

Additionally, I am concerned w i t h  the biohazards associated 

bine a n d  would replace the f i r s t  and  second recormendations in your l e t t e r )  
a re  contained in your own l e t t e r  and  need not be r e i t e r a t ed  here s ince I f u l l y  
subscribe t o  then. 
w i t h  the creat ion and  un in ten t iona! - r f7~ase  of new pathogens, whether v i r a l  
or bac te r i a l ,  and  organisms t h a t  contain new genetic information t h a t  could 
be transmitted t o  other  prokaryotic or eukaryotic organisms and t h u s  e i t h e r  
d i r ec t ly  o r  ind i rec t ly  (as  a consequence o f  mutation, recombination and se le -  
t i o n )  inadvertantly a1 t e r  the ecological balance between 1 iving organisms, 
the environment in which we 1 ive and/or i n t e r f e r e  with successful prac t ices  
in agr icu l ture  and rnedicine t o  control o r  t r e a t  diseases or  disease s t a t e s  
of plants and  of animals including humans. The pathogenicity and sexual capa- 
b i l i t i e s  of r. co l i  (which i s  the organism most l i ke ly  t o  be used i n  many 
genetic engineering experiments) serve as pr inc ip le  bases f o r  my concern. 

I agree with your th i rd  recommendation f o r  the establishijient of an ad- 
visory committee by the d i r ec to r  of the ---I_ National In s i tu t e s  o f  Health, b u t  
would hope t h a t  an agency such as the World Heil'lth Organization would a l so  
become involved in f a c i l i t a t i n g  disussions leading t o  an enumeration of  
the problems a n d  the means t o  deal w i t h  them. I n  t h i s  way, the evaluation 
of the biohazards and the adoption of methods t o  deal w i t h  them would be the 
concern and  respons ib i l i ty  of members of the e n t i r e  world-wide s c i e n t i f i c  
community. 
l i ke ly  t o  be considered and/or performed by s c i e n t i s t s  regardless o f  geo- 
graphic locat ion.  

This seems par t icu lar ly  important s ince such experimentatioti is 

I a lso concur with your fo r th  reconanendation for an internat ional  meeting 
next year t o  present new data and fu r the r  discuss  the problems associated with 
the types o f  genetic engineering research as defined above. 
fee l  t h a t  such a meeting wil l  n o t  be highly productive of recornmendations 
unless t h i s  topic i s  discussed and debated a t  other  s c i e n t i f i c  meetings prior 
t o  tha t  time and unless those s c i e n t i s t s  engaged o r  in te res ted  i n  this research 
and i t s  ramifications begin t o  informally exchange views n o t  only on the  
potential  biohazards o f  t h i s  research b u t  a l so  on the means t o  e f f ec t ive ly  
deal w i t h  these biohazards. In l i g h t  of t h i s  b e l i e f ,  I sha l l  c lose  by mention- 
i n g  what t o  me a r e  important biohazards and suggest guidelines f o r  dealing 
with them. 

Nevertheless, I 

Possible Means for Deal ing w i t h  Biohazards Associated w i t h  Genetic Engineering 
Research. 

of genetic engineering research in to  s i x  major categories  as described below. 
As a general commentary, my own suggestions s u f f e r  fron a l imi ta t ion  of know- 
ledge and  experience i r i  cer ta in  areas of t h i s  research,  espec ia i iy  a s  they 
iielate t o  plant  and  aiiirnal v.iruses. 

I have subdivided the treatment of contending w i t h  potent ia l  biohazards 

I shorrld a l s o  ind ica te  t h a t  i t h i n k  any 
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given experimental s i t ua t ion  wil l  necess i ta te  r a the r  special  guidel ines  and 
t h a t  the procedures t o  contend with any given biohazard cann t be universal11 
applied.  In addi t ion t o  potent ia l  federal  and/or in te rna t iona l  guidel ines  
t h a t  may be establ ished t h a t  would need t o  be complied with by s c i e n t i s t s  
desir ing t o  conduct such research,  i t  might be well t h a t  s c i e n t i s t s  a t  publ ic  
and pr ivate  research i n s t i t u t i o n s  a s  well a s  a t  commercial firms t h a t  a r e  
in te res ted  or  now efigaged i n  t h i s  l i n e  of  research have the advice,  counsel,  
and approval of individual o r  i n s t i t u t i o n a l  biohazards committees much a s  
the human use committees a r e  used t o  approve and supervise human research.  
In the suggestions t h a t  follow, 1 have recommended measures t h a t  may well be 
more s t r ingen t  than necessary. I bel ieve,  however, t h a t  i t  behooves us t o  take 
these extra  precautions un t i l  and i f  i t  i s  shown t h a t  they a r e  no longer 
e s sen t i a l .  

a )  Training of personnel who pa r t i c ipa t e  i n  genet ic  engineering research.  

Al l  persons engaged in t h i s  l i n e  of research including s c i e n t i f i c ,  tech- 
nical and suppor t  personnel should have appropriate  t r a in ing  in  conducting 
various b io logica l ,  biochemical and containment procedures and should be well 
aware of a l l  of the  biohazards associated with the work and the  means t o  con- 
tend with these biohazards. These individuals  should n o t  only fami la r ize  them- 
selves  with a l l  of the wr i t ten  procedures, b u t  should probably be c e r t i f i e d  
a s  competent t o  be engaged i n  t h i s  research by an i n s t i t u t j o n a l  biohazards 
commi t t e e .  

J 

J 
b) 
and/or chromosomal DNAs with r e s t r i c t i o n  endonucleases and t h e i r  reassoc ia t ion  
under favorable conditions t o  form recombinant DNA molecules should be done 
with grea t  care.  The lef t -over  products o f  such reac t ions  should be chemically, 
physically o r  enzymatically destroyed prior t o  d isposa l .  Indeed, those inves t i -  
gators  u t i l i z i n g  r e s t r i c t i o n  endonucleases f o r  e lucidat ing the  s t r u c t u r e  of 
DNA molecules should likewise take precautions t o  preclude introduct ion of such 
DNA fragments i n to  the environment. 

Construction of recombinant DNA molecules. The cleavage of v i r a l ,  plasmid 

c) 
lType 4 experiments) molecules -- i n to  other  organisms. 

the introdution of such DNA molecules in to  a bacterium, espec ia l ly  one l i k e  
- -  E.  c o l i .  In a l l  aspects  of this research,  g rea t  care  must be taken. 
therefore  suggested t h a t  these experiments be condlirted in  f ac i  1 i t i e s  t h a t  
a r e  designed t o r  containment such a s  those t h a t  w:u: >e used f o r  research 
w i t h  highly v i ru l en t  v i r a l  o r  bac te r ia l  pathogens. T h i s  would include use of 
biohazard hoods, centr i fuges equipped with containrzent hoods with u l t r a f i l t r a -  
t i on  of exhaust a i r ,  e t c .  All of these items should be contained i n  a sealed 
raom capable of being d is infec ted  and w i t h  u l t r a f i l t r a t i o n  of b o t h  incoming 
and exhaust a i r  and double-door vapor-lock entrance and e x i t  ports. 

Introduction of recombinant DNA (Types 1 ,  2 and 3) o r  non-recombinant DNA 

i . Bacteria.  Probably the most severe hi ohazards a r e  encountered during 

I t  i s ,  

Foot  
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washes and clothes  changing f a c i l i t i e s  f o r  personnel using the room m i g h t  
a l s o  be adviscSle.  Since a l l  material  used in  such experiments would requi re  
s t e r i l i z a t i o n  pr ior  t o  disposal or dishwashing, a double-door autoclave should 
be mounted i n  the wall of such a containment room. Special f a c i l i t i e s  should 
a l s o  be provided f o r  storage of the genet ica l ly  a l t e r e d  microorganisms. 

i i .  Plant or animal c e l l s  in cu l ture .  The same precautions as  ou t l ined  
above should be u t i l i z e d  in experiments of t h i s  type i f  the DNA molecules i n -  
troduced have the potent ia l  f o r  autonomous r ep l i ca t ion  and/or t he  p o s s i b i l i t y  
f o r  being encapsulated in v i ra l  coats .  I t  such i s  not the case,  a s  would be 
true in some experiments attempting t o  gene t ica l ly  transform plan t  and animal 
c e l l s ,  such precautions need n o t  be taken s ince i t  i s  highly improbably t h a t  
such c e l l s  could survive in the absence of the highly special ized c u l t u r e  
media i n  which they grow and there  would be l i t t l e  o r  no biohazard i f  such 
material were inadvertantly s p i l l e d  o r  disposed o f .  Nevertheless, upon com- 
plet ion of such experiments the byproducts and/or mater ia l s  l e f t  over should 
be disposed of by d is infec t ion  and/or autoclaving. 

depend on whether the DNA molecules used have the potent ia l  f o r  s e l f -  
r ep l i ca t ion ,  t r ansmiss ib i l i t y ,  and/or h e r i t a b i l i t y .  I f  s o ,  the experiment 
should be done in i so l a to r s  l i k e  those u t i l i z e d  in germ-free o r  gnotobiot ic  
research and these i s o l a t o r s  should be kept i n  containnent rooms a s  described 
above. Similar requirements would be e s sen t i a l  i n  inst6nces i n  which bac ter ia  
harboring recombinant DNA molecules m i g h t  be introduced in to  plants  o r  animals. 

In other  instances where there  i s  absolutely no danger of pathogenesis due 
t o  the  added U N A  or h e r i t a b i l i t y  oT the  genet ic information from one generation 
t o  the  next, the experiments could be conducted with l i t t l e  more precaution 
than i s  taker) in  conventional experiments u t i l i z i n g  p lan ts  and animals. 

i i i .  In t ac t  plants or  animals. Here again,  the  precautions t o  be taken 

d )  
will  involve experiments with sene t ica l  l v  a l t e r e d  nicroorsanisms and the  bac ter ia  

Tests on products by genet ica l ly  a l t e r ed  organism.  In most instances t h i s  

i n  question should be grown unaer the sake conditions as were used i n  t he  experi-  
ments t h a t  produced them. 
ex t r ac t s  tes ted  f o r  s t e r i l i t y  p r io r  t o  taking the material  i n t o  a general 
research laboratory f o r  fu r the r  processing. 
t o  be i so la ted  and character ized,  then the procedtires used can be r a the r  con- 
ventional.  On the o ther  hand, i f  the a l t e r e d  organism i s  t o  be u t i l i z e d  as  a 
t e s t  vacc im then precauticns need t o  be taken t o  pro tec t  tile i nves t iga to r  from 
exposure and special  cages should be u t i l i z e d  t o  hollse the  aninials being chal- 
lenged w i t h  th is  antigen. 
animal spec ies ,  t h e n  the precautions t o  be taken w,:l depend on whether the  
organisr!i contains a po ten t i a l ly  infec t ious  organism o r  agent o r  has a 
he r i t ab le  t r a i t .  
t o  i n  e i t h e r  case.  

The c e l l s  should be lysed o r  ex t rac ted  and these 

I f  a s p e c i f i c  purified product is  

I f ,  perchance, the  a l t c r t  organism i s  a p l an t  o r  

The appropriate  guide1 ines es tab l i shed  above should be adhered 
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e) 
will  be necessary, espec ia l ly  i f  the purpose of the or ig ina l  experiments w s  
t o  develop an organism t o  eventually be released in to  the ecosystem. 
t h u s  r a the r  d i f f i c u l t  t o  suggest spec i f i c  proposals f o r  coping with the  b i o -  
hazards associated with t h i s  l i n e  of research. Clear ly ,  experiments w i t h  a l -  
t e red  microorganisms need t o  be conducted in  f a c i l i t i e s  nornially u t i l i z e d  f o r  
working with gnotobiotic animals with a l l  of the precautions b e i n g  taken as  
out l ined above. Tests on animal and p lan t  species  a r e  much more d i f f i c u l t  t o  
envision, however, and in e i t h e r  case would depend on the nature o f  the  genet ic  
a l t e r a t i o n  and whether i t  contributed t o  i n f e c t i v i t y  o r  was he r i t ab le .  

Tests on propert ies  of a l t e r ed  organisns.  Some ex?eriments of this  type 

I t  i s  

f )  Licensing of the use of a product pro- 
duced by a gene t ica l ly  a l t e r ed  organism o r  a preparation of the  organism as  
a vaccine should adhere t o  the standards and requirements o f  l i cens ing  estab-  
l ished by various federal  agencies such as the  Food and Drug Administration i n  
the U.S.A. and equivalent l icensing a u t h o r i t i e s  in  o ther  count r ies .  The intro- 
duction of a gene t ica l ly  a l t e r ed  organism i n t o  the ecosystem, however, should 
require conformance with requirements s e t  f o r t h  by some in te rna t iona l  agency. 
In e i t h e r  case,  data on e f f icacy  and potent ia l  biohazards of the use of these 
products o r  organisms would need t o  be corroborated by more than one group of 
research s c i e n t i s t s .  

Use of products -- and/or organisms. 

The above a r e  just  general guidel ine suggestions and i t  would seem worth- 
while t o  me i f  individual s c i e n t i s t s  in te res ted  in  this l i n e  of  research 
would prepare de ta i led  proposals per ta ining t o  a s p e c i f i c  type of experiment. 
In this way an accumulation of such proposals might better def ine  the p a r t i -  
cu l a r  problems and the means t o  contend with them. 

Concluding Remarks. 

This memorandum would not be complete unless I responded i n  some way t o  
the general concerns about academic freedom and regulat ion of science t h a t  
your i n i t i a l  l e t t e r  e l i c i t e d .  
mat ters ,  I need only remind others  t h a t  s c i e n t i s t s  working in the area of  
rad ia t ion  research and atomic energy did n o t  heed the ea r ly  warnings of  the 
potent ia l  hazards and many suffered material  damage before cent ra l  agencies 
were establ ished t o  place regulat ions on the conduct of t h i s  research and t o  
protect  the general y .51ic  from radia t ion  hazards. In this case ,  i t  seems 
t h a t  the s c i e n t i s t s  ria- knowledgable about the dangers were a1 together  too 
slow in addressing tritlllselves t o  the problems and in  a l l e v i a t i n g  much of the 
pain and sufFering which'ensucd. In the instances of regulat ion of human 
and/or animal research,  again s c i e n t i s t s  were remiss .in es tab l i sh ing  guide- 
Sines f o r  the  conduct o f  t h e i r  own experiments and because o f  t he  few who 
d i d  n o t  adhere t o  the h i g h  standards of the majori ty ,  r e s t r i c t i v e  regula t ions  

By way o f  i l l u s t r a t i n g  my own f ee l ings  on these 
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were established t h a t  had t o  be adhered t o  by a 1 7 .  
o f  research on genetic engineering i t  see-.s v:e have an opportunity t o  take a 
responsible s t z c d  t h a t  x i  11 e s t a j l  ish the g u i d e 1  ines to  perni t t h i s  research 
t o  be conducted in a s a fe  a n d  beneficial  way i n  the  absence of unwarranted 
r e s t r i c t i o n s  t h a t  would a l l  b u t  make t h i s  research ivpossible.  Even though I 
disagree w i t h  you on some par t icu lars .  I would t h u s  l i k e  t o  take this  opportunity 
t o  applaud you f o r  your highly responsible and unselfish ac t ions  i n  i n i t i a t i n g  
this dialog t h a t  w i l l  ult imately r e s u l t  i n  the  s a f e  resumption o f  th i s  impor- 
t a n t  area of research for the be t te rsen t  o f  a l l .  

In the p a r t i c u l a r  instance 

Bibningham, Alabama, U.S.A. 
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